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GBSTRACT

G724S is a rare mutation induced by different generations of
tyrosine kinase inhibitors (TKIs). No clinical effective drugs
toward G724S mutation have been reported till now. We ana-
lyzed the interaction of three drugs (afatinib, gefitinib,
osimertinib) with epidermal growth factor receptor (EGFR)
from three aspects: the spatial structure of the binding
region, the scoring function value, and the interaction force
between drug molecules and active center of EGFR. Our
results indicate that afatinib remains effective to patients
with EGFR Exonl19Deletion(Ex19Del) and G724S mutations

KEyY PoOINTS

whereas osimertinib and gefitinib are not, which is consistent
with other reports. Afatinib is reported to be effective against
G724S mutation, but no long-term clinical survival has been
reported till now. A patient with stage IV adenocarcinoma
was found to have Ex19Del/G724S mutation. Treated with
afatinib, he received a progression-free survival of more than
1 year. With the guidance of this case report, we provide the
clinical evidence of using afatinib for patients with G724S
mutations and obtaining long-term clinical survival. The
Oncologist 2021;26:1903—e1908

* Guided by protein-drug docking, afatinib is more effective to EGFR G724S mutation compared with osimertinib

and gefitinib.

* A patient with Ex19Del/G724S mutation obtained long-term survival with afatinib treatment.

INTRODUCTION

It has been reported that epidermal growth factor receptor
(EGFR) exon 18 G724S mutation is an extremely rare, indi-
vidualized mutation induced by different generations of EGFR—
tyrosine kinase inhibitors (TKIs) [1]. A previous case report of a
patients with a G724S mutation showed a remarkable response
to the combination of afatinib and osimertinib in 2017; how-
ever, tumor progressed rapidly in less than 3 months [1]. In the
last half year, there have been several clinical cases that
reported that afatinib was effective to G724S mutation [2-5],
which is consistent with our results. In this manuscript, under
the guidance of molecular docking results, we presented a

patient with acquired Exon 19 Deletion(Ex19Del)/G724S muta-
tion who was treated with afatinib and obtained long-term clini-
cal benefit of more than 20 months till now.

Case REPORT

A 45-year-old man diagnosed with stage IV lung adeno-
carcinoma with EGFR Ex19Del mutation accepted oral
gefitinib treatment (250 mg/q.i.d.) from April 2015. Com-
puted tomography (CT) scan showed multiple nodules in both
lungs. The patient acquired ongoing clinical benefit during
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Figure 1. (A): Timeline of treatment. (B): Computed tomography scan images of the patient’s clinical course. (C): Pathology and
gene tests results.
Abbreviation: Ex19Del, Exon 19 Deletion.
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Figure 2. Structural simulation of the active center of epidermal growth factor receptor (EGFR) kinase domain mutants. (A): Super-
position diagrams of EGFREon19Peletion(Ex19Del) o 5556 (B): Superposition diagrams of EGFRZ9PeT6724S o1 2GS6, (C): The enlarged

image of the active center of EGFR®?P¢!

2015 to 2019 without long distance metastasis. In August
2019, CT scan showed enlargement of tumor size. We then
performed needle biopsy of lung cancer and rechecked gene
mutations to find the resistance mechanism. A rare gene
mutation G724S in exon 18 was found. We then performed
structural simulation, molecular docking, and interaction anal-
ysis between drug molecules and target EGFR protein. Based
on our research, we used afatinib 40 mg once a day for this
patient from September 2019. The surveillance scan after ini-
tiation of afatinib treatment revealed that the mass decreased,
which meant afatinib was effective. Until now, the disease is
still kept well with progression-free survival more than
20 months. The timeline and curative effect of treatment are
displayed (Fig. 1).

MATERIALS AND METHODS

The tertiary structure models of the EGFR kinase domain
mutants (Ex19Del and Ex19Del/G724S) were generated through
the Iterative Threading ASSEmbly Refinement, and Protein Data
Bank identification (PDB ID) 2GS6 was applied as a modeling
template (supplemental online data 1 and 2). The molecular
docking uses GOLD5.2 software (The Cambridge Crystallographic

www.TheOncologist.com

. (D): The enlarged image of the active center of EGF

REx19De|+G724S

Data Centre, CCDC). The scoring function is the Goldscore and
ASP (the Astex Statistical Potential). The genetic algorithm
parameter selects the default value, and conformation with the
highest score for each ligand is retained. The interaction analysis
between drug molecules and target EGFR protein uses Ligplot
(European Bioinformatics Institute, Cambridge, U.K.). The
molecular three-dimensional structure analysis and drawing
use Pymol (Schrédinger, Inc., New York, NY).

REsuLTS

We superimposed 2GS6 on the predicted protein models
and found that the active center (Adenylate triphosphate,
ATP analog-peptide binding site) of 2GS6 has a gap. The
mutant amino acid at 724 site is also at this position; so, we
speculate that this is the active center of the kinase domain
of mutants (Ex19Del and Ex19 Del/G724S) (Fig. 2A, 2B). This
manuscript explored the interaction between afatinib,
gefitinib, or osimertinib, and EGFR mutants through molecu-
lar docking. We used GOLDS5.2 to dock afatinib, osimertinib,
and gefitinib with EGFRE*°P® and EGFRPPeI+ 67245 ragpac-
tively (See details in supplemental online data 3). The
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Table 1. Scoring results of docking afatinib, osimertinib, and gefitinib with EGFR kinase domain mutants molecules, respectively

EGFREXIQDeI EGFRExlSDeI+G7Z4S
Drug Goldscore ASP Goldscore ASP
Osimertinib 68.66 + 2.82 24.08 + 4.05 66.57 + 6.10 26.20 £+ 4.20
Gefitinib 56.45 + 7.22 32.26 £ 4.98 56.23 + 3.88 26.88 + 1.93
Afatinib 56.09 + 11.40 20.36 4+ 7.60 56.02 + 3.63 25.49 + 3.64

Abbreviations: ASP, the Astex Statistical Potential; EGFR, epidermal growth factor receptor; Ex19Del, Exon 19 Deletion.

Figure 3. Diagrams of molecular docking poses between individual drugs and epidermal growth factor receptor (EGFR) kinase
domain mutants. (A): Afatinib with EGFRP" 19 Peletion(Ex1Del) (). Afatinib with EGFR®9Pe+67425 (€): Osimertinib with EGFR®*Pe!,
(D): Osimertinib with EGFR®PeI 67235 (E). Gefitinib with EGFRE*°P®!, (F): Gefitinib with EGFRP9DeI+6724S,
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Figure 4. Diagrams of the interaction of afatinib, osimertinib, and gefitinib with epidermal growth factor receptor (EGFR) kinase
domain mutants. The intermolecular interaction and strength (including hydrogen bond, hydrophobic interaction, and atomic
accessibility) are shown. The hydrogen bond is represented by a green dashed line. Spokes radiating to ligand indicates hydropho-
bic interaction. (A): Afatinib with EGFRE° 19 Deletion(Ex1Del) (). Afatinib with EGFR®?PT67425 (C): Osimertinib with EGFRP°P¢!,
(D): Osimertinib with EGFRPPeI+G7425 (E). Gefitinib with EGFR®P®!, (F): Gefitinib with EGFRE19Pel+67425

statistical results of scoring function are listed in Table 1.  whereas the scoring function values of osimertinib, and
The docking scoring function value of afatinib with  gefitinib with EGFRE®P67245 ware significantly lower
EGFRPP and EGFR®PeTE72%5 (id not change much,  than those with EGFR®P®! This suggests that afatinib can
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still have a strong interaction with EGFR after G724S muta-
tion whereas osimertinib and gefitinib cannot. Through fur-
ther inspecting molecular docking poses, we found that
afatinib can partially penetrate into the active center of
EGFREX19Del+G7245 (Fig. 3A, 3B), whereas neither osimertinib
nor gefitinib can (Fig. 3C—F). To further confirm these differ-
ences, we analyzed the interaction force between the drug
molecules and the target protein through Ligplot. The
results showed that the number of amino acids that interact
with afatinib in the binding region of EGFR®*°® and
EGFREX19PeI*67245 ramains basically the same (Fig. 4A, 4B),
implying afatinib can still bind to EGFR after secondary G724S
mutation. However, compared with EGFRZ°°®! the number of
amino acids in the binding region of EGFR®P¢+67245 that can
interact with osimertinib and gefitinib is greatly reduced
(Fig. 4C—F), which indicates that osimertinib and gefitinib can-
not bind well to G724S mutant EGFR.

Altogether, we believe that the spatial structure of the bind-
ing region of EGFR®*®® has changed because of the mutation
of amino acid 724 (Gly—Ser). By observing the conformation of
the active center of EGFR kinase domain mutants, we found
that the opening of EGFRPI9PeIT67245 ctive center becomes
smaller than EGFRE®'®®® (Fig. 2C, 2D), which might cause
osimertinib and gefitinib fail to enter the active center (Fig. 3D,
3F), resulting in drug-resistance. Different from the other two
drugs, afatinib has two side chains on the naphthalene ring. This
unique structure may allow afatinib to partially enter the active
center of G724S-mutant EGFR and bind to it stably (Fig. 2B).

DiscussioN

Li et al. [6] reported five cases of G724S mutation out of 1,170
patients with non-small cell lung cancer (NSCLC; 0.43%). All of
them were emerging after first-generation TKIs, but the G724S
mutation frequencies varied drastically. Fassunke et al., [7]
also reported four cases with G724S mutation. Half of them
acquired G724S mutation after third-generation TKIs and half
after first-generation TKls. It can be assumed that G724S
mutation is an extremely rare individualized mutation induced
by different generations of EGFR-TKIs. There are studies about
structure and mechanisms and cell line experiment supporting
that afatinib is effective to patients with G724S mutations.
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GLosSARY OF GENoMic TERMS AND NOMENCLATURE

Ex19Del: Exon 19 Deletion

TKIs: tyrosine kinase inhibitors

CT: computed tomography

PBD ID: Protein Data Bank identification

ASP: the Astex Statistical Potential

ATP: adenylate triphosphate

MM/GBSA: molecular mechanics/generalized born surface
area
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